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ESTIMATION AND CHARACTERIZATION OF THE NATURAL STREAMFLOW OF THE 

WHITE RIVER NEAR THE NEBRASKA-SOUTH DAKOTA STATE LINE

By Steven K. Sando

ABSTRACT

A reconnaissance-level study to estimate and characterize the monthly 
natural streamflow of the White River at the Nebraska-South Dakota State line 
was performed by the U.S. Geological Survey in cooperation with the U.S. 
Bureau of Indian Affairs. The MOVE.l curve-fitting technique was used to 
extend 2 years of gaged streamflow records for the gaging station near the 
State line to a base period of suitable length (water years 1944-89) to 
estimate long-term streamflow characteristics. Monthly irrigation depletions 
were estimated using annual irrigated acreage data and mean monthly net crop 
irrigation requirements. Adjustment factors were developed to use when flow 
conditions do not permit irrigators to meet the full crop requirements. An 
estimate of non-beneficial consumptive use also was included in the estimate 
of irrigation depletions.

The estimated monthly irrigation depletions were added to the gaged and 
extended historical streamflow records to obtain a record of estimated 
monthly natural streamflows. Statistical characteristics of estimated 
monthly natural streamflow were determined and are presented in tabular form. 
The estimated median annual natural streamflow of the White River at the 
State line is 35,938 acre-feet, which is about 9,000 acre-feet greater than 
the median annual streamflow determined from extended and gaged records.

INTRODUCTION

The U.S. Bureau of Indian Affairs is studying the water resources of the 
White River basin. To aid in determining the amount of water in the White 
River that is legally available for use on the Pine Ridge Indian Reservation 
(fig. 1), the Bureau requested that the U.S. Geological Survey make a 
reconnaissance-level study to estimate and characterize the monthly natural 
streamflow of the White River at the Nebraska-South Dakota State line.

The term "natural streamflow" generally refers to streamflow that is 
unaltered by human activities. Some common ways that human activities 
influence streamflow are by: diversion of water from the stream channel to 
satisfy domestic, industrial, and agricultural water demands; impoundment and 
storage of water for many purposes including flood control, power generation, 
recreation, and domestic, industrial, and agricultural demands; and supple 
mentation of streamflow by reservoir releases or interbasin diversions.

To meet water-management and legal objectives, it is sometimes important 
to determine the effect of human activities on the records of historical 
streamflow and subsequently estimate natural streamflow at a given location. 
To accomplish this, streamflow depletions and accretions caused by human
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activities are measured or estimated upstream from a location with streamflow 
gaging records. Records of historical streamflow from the gaged location are 
then adjusted by adding depletions and subtracting accretions to obtain an 
estimate of the natural streamflow.

Purpose and Scope

The purpose of this study was to estimate and characterize the monthly 
natural streamflow of the White River at the Nebraska-South Dakota State 
line. Although several factors affect the natural flow of the White River, 
irrigation accounts for nearly all consumptive use of water in the White 
River basin upstream from the Nebraska-South Dakota State line. For this 
reason, irrigation depletions were the only human effects on historical 
streamflow that were used in estimating natural streamflow. Natural stream- 
flow was determined by estimating irrigation depletions in the basin upstream 
from the State line and adding these depletions to gaged or extended 
historical streamflow records for the White River at the State line. This 
report presents the findings of the study.

Basin Description

The White River flows in a generally northeastward direction from its 
headwaters in northwestern Nebraska to its confluence with the Missouri River 
near Oacoma, South Dakota (fig. 1). The White River basin lies in an 
unglaciated part of the Missouri Plateau and is characterized by undulating 
uplands, wide flood plains along the larger streams, scattered bluffs and 
buttes, and areas of badlands (U.S. Geological Survey, 1975). The drainage 
area of the basin is about 1,440 mi2 at the State line and about 10,200 mi 2 
at the mouth of the river near Oacoma. At Long Valley, South Dakota, which 
is located in the White River basin, normal annual precipitation is 17 in.; 
about 75 percent occurs during the growing season (U.S. Department of 
Commerce, 1988). The elevation of the river at the State line is about 
3,030 ft.

ESTIMATION OF NATURAL STREAMFLOW

Estimation of natural streamflow in the White River at the Nebraska- 
South Dakota State line was performed by: (1) Producing a long-term record 
of historical streamflow, and (2) estimating irrigation depletions using 
information about irrigated area, crop irrigation requirements, irrigation 
operations, and non-beneficial consumptive use. Irrigation depletions were 
added to historical streamflow records to obtain an estimated record of 
monthly natural streamflow.

Historical Stre^"*flow

The period of record for the streamflow gaging station no. 06445685, 
White River near Nebraska-South Dakota State line, is water years 1988-89. 
Because of climatic and hydrologic variability, such a short period of record 
probably would result in inaccurate estimates of long-term streamflow 
characteristics. For this reason, the MOVE.l monthly streamflow record- 
extension procedure (Hirsch, 1982; Alley and Burns, 1983) was used to extend 
the streamflow records of the gaging station.



The MOVE.l curve-fitting technique (also referred to as the line of 
organic correlation) is similar to ordinary least squares regression, except 
that ordinary least squares regression minimizes the sura of the squared 
vertical deviations of the dependent variable from the regression line 
whereas the MOVE.l technique minimizes the sum of the areas of right 
triangles formed by the horizontal and vertical deviations from the 
regression line (Hirsch and Gilroy, 1984).

The streamflow gaging station no. 06446000, White River near Oglala, 
South Dakota, was used as the long-term station (water years 1944-89 base 
period) to extend the streamflow records of White River near Nebraska-South 
Dakota State line. During the base period, there were no substantial diver 
sions of flow between the two gaging locations which could have altered the 
relation in flow at the two sites. Because there were only 2 years of 
concurrent record between the short-term station (White River near Nebraska- 
South Dakota State line) and the long-term station (White River near Oglala), 
development of different extension equations for each month was not possible. 
Instead, the 24 concurrent monthly streamflows were used to develop a single 
extension equation, which was used for all months. Gaged and extended 
monthly streamflows for White River near Nebraska-South Dakota State line are 
presented in table 1. Values presented for 1988 and 1989 were gaged, but may 
not exactly equal previously reported values for these years due to rounding 
performed by the MOVE.l extension program. Also, it should be noted that 
values in table 1 are presented as they were output from the MOVE.l extension 
program and used in subsequent analyses. The number of significant figures 
are not, however, indicative of the accuracy of the estimates. Statistical 
characteristics of gaged and extended monthly streamflows for White River 
near Nebraska-South Dakota State line are presented in table 2.

Irrigation Depletions

Irrigation depletions account for nearly all of the consumptive use of 
water in the White River basin upstream from the Nebraska-South Dakota State 
line. Irrigation depletions were estimated using information about irrigated 
area, irrigation requirements, tributary operations, and non-beneficial 
consumptive use.

Irrigated Area

Annual irrigated acreage for the part of the White River basin upstream 
from the State line was determined using priority dates and irrigated 
acreages from a water rights listing of 156 irrigation appropriations 
provided by the Nebraska Department of Water Resources. Irrigated area for 
main-stem and tributary diversions were determined separately. The area 
associated with each appropriation was assumed to have been irrigated 
starting either in the year of the priority date for appropriations with 
priority dates before July 15 of a specified year, or in the year following 
the priority date for appropriations with priority dates on or after July 15 
of a specified year. Irrigation for each appropriation was assumed to 
continue until the end of the base period. Some appropriations had been 
partially cancelled so that the actual irrigated area associated with an 
appropriation was less than the area recorded on the water rights listing. 
Areas associated with the partially cancelled appropriations were estimated 
according to the guideline of 70 acres irrigated for each cubic foot per 
second of allotted diversion rate. Summary data on irrigated area in the 
White River basin upstream from the State line for each year of the base 
period are presented in table 3.
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Crops and Net Irrigation Requirements

Alfalfa is the primary irrigated crop in the White River basin upstream 
from the State line, currently comprising approximately 95 percent of the 
irrigated area (T. Mitchell, Nebraska Department of Water Resources, oral 
commun. , 1990; C. Dickerson, U.S. Soil Conservation Service, oral cqmmun., 
1990). Native grasses and corn account for the rest of the irrigated area. 
A crop distribution of 95 percent alfalfa and 5 percent corn was used for 
each year of the base period in calculating irrigation depletions.

The U.S. Soil Conservation Service (SCS) has published irrigation guides 
for many States with substantial irrigated agriculture. Mean monthly irriga 
tion requirements reported in these guides are useful in estimating the 
amount of water required to satisfy crop water demands. Unfortunately, the 
SCS irrigation guide for Nebraska does not include mean monthly irrigation 
requirements for alfalfa in the Nebraska part of the White River basin (U.S. 
Soil Conservation Service, 1983). For this reason, mean monthly irrigation 
requirements for corn and alfalfa were estimated using values reported for 
the South Dakota part of the White River basin in the South Dakota Irrigation 
Guide (U.S. Soil Conservation Service, 1978) and are presented in table 4. 
Differences in climatic characteristics between the Nebraska and South Dakota 
parts of the White River basin are not large and crop water requirements in 
the two areas probably are very similar.

Table 4. Mean monthly net irrigation requirements, in inches . 
for alfalfa and corn in the White River basin in South Dakota

[From U.S. Soil Conservation Service, 1978] 

Monthly net irrigation requirement 

Crop May June July August September October

Alfalfa 1.3 3.4 5.4 4.3 3.2 0.4 

Corn .0 1.1 5.4 4.8 1.0 .0

The mean monthly net irrigation requirements were held constant from 
year to year for the entire base period. Because actual net irrigation 
requirements vary from year to year due to climatic variability, the use of 
constant monthly net irrigation requirements may result in errors during 
unusually wet or dry years. However, the annual variability in net irriga 
tion requirements probably is not large enough to produce large errors in 
estimates of long-term characteristics of natural streamflow. For example, 
the difference between the median and 75-percentile seasonal net irrigation 
requirement for corn in the Nebraska part of the White River basin is about 
5 percent (U.S. Soil Conservation Service, 1983). However, the error may 
affect estimates of natural streamflow in individual years of extreme 
moisture conditions.

10



Tributary Irrigation Operations

Because tributaries in the Nebraska part of the White River basin are 
ephemeral, water to satisfy irrigation diversions from tributaries generally 
is available only during the early part of the irrigation season. Irrigation 
begins when the water temperature is high enough to not retard root growth 
and continues until water is no longer available.

Tributary irrigation operations are simple. Gravity-flow systems are 
characterized by simple diversion ditches which convey water to individual 
fields. Water is flooded onto border systems or nearly level benches. These 
types of operations commonly are referred to as water-spreading operations. 
Prior to the early 1950's, water-spreading operations comprised most of the 
tributary irrigation in the Nebraska part of the White River basin. In the 
early 1950's, the use of sprinklers became increasingly more common; 
sprinkler irrigation in 1990 comprised about 60 percent of the area irrigated 
by tributary diversions. Most tributary sprinkler systems are center pivots, 
but some side-roll sprinklers also are used.

In order to simulate the ephemeral character of tributary irrigation 
operations, the following guidelines were developed (T. Mitchell, Nebraska 
Department of Water Resources, oral commun., 1990): in years of below-normal 
moisture (annual streamflow less than or equal to the 33.3 percentile), 
tributary irrigators satisfy mean monthly irrigation requirements through 
May 31 and then receive no water for the remainder of the irrigation season; 
in years of near-normal moisture (annual streamflow greater than the 
33.3-percentile annual streamflow but less than the 66.7 percentile), 
tributary irrigators satisfy mean monthly irrigation requirements through 
June 30 and then receive no water for the remainder of the irrigation season; 
in years of above-normal moisture (annual streamflow greater than the 
66.7 percentile), tributary irrigators satisfy.-mean monthly net irrigation 
requirements through July 31 and then receive no water for the remainder of 
the irrigation season.

Main-Stem Irrigation Operations

The White River in Nebraska generally flows year round, although zero 
streamflow does occur at some locations in some years. The streamflow of the 
White River generally is not sufficient to fully satisfy the net irrigation 
requirement for all appropriators during the later part of the irrigation 
season (T. Mitchell, Nebraska Department of Water Resources, oral commun., 
1990). Conveyance canals that supply water to main-stem gravity-flow irriga 
tion operations typically are larger than those used by tributary irrigators 
and generally a single canal will convey water to numerous irrigators 
comprising an irrigation district. Graded borders is the most common 
gravity-flow field-application method used by main-stem irrigators. Prior to 
the early 1950's, gravity-flow systems accounted for nearly all of the area 
irrigated from the main stem of the White River in Nebraska. Since the early 
1950's, use of sprinklers has become increasingly more common; sprinkler 
irrigation in 1990 comprised about 40 percent of the area irrigated from the 
main stem White River in Nebraska. Sprinkler systems that divert water from 
the main stem White River in Nebraska are mostly side-roll sprinklers but 
some center pivots are used.

In order to simulate the partial-supply character of main-stem irriga 
tion operations, the following guidelines were developed (T. Mitchell, 
Nebraska Department of Water Resources, oral commun., 1990): in years of

11



below-normal moisture (annual streamflow less than or equal to the 
33.3 per cent ile), main-stem irrigators satisfy mean monthly net irrigation 
requirements through May 31, then satisfy one-half the mean monthly irriga 
tion requirements from June 1 through August 31, then satisfy one-fifth the 
mean monthly irrigation requirements for the remainder of the irrigation 
season; in years of near-normal moisture (annual streamflow greater than the 
33.3-percentile annual streamflow but less than the 66.7 percent ile), main- 
stem irrigators satisfy mean monthly irrigation requirements through June 30 
and then satisfy one-half the mean monthly irrigation requirements for the 
remainder of the irrigation season; in years of above-normal moisture (annual 
streamflow greater than the 66.7 percentile), main-stem irrigators satisfy 
mean monthly irrigation requirements through August 15, then satisfy three- 
fourths the mean monthly irrigation requirements for the remainder of the 
irrigation season.

Non-Beneficial Consumptive Use

In the process of conveying water from the point of diversion to the 
crop root zone, some water is lost by percolation to ground-water aquifers, 
storage in canal banks, transpiration by phreatophytes, and soil surface and 
free-water surface evaporation. The concept of irrigation efficiency is used 
in considering water loss from irrigation operations. Irrigation efficiency 
is calculated by dividing the net irrigation requirement by the gross diver 
sion. Estimated irrigation efficiencies for irrigation operations in the 
Nebraska part of the White River basin are 0.30 for gravity-flow systems and 
0.59 for sprinkler systems (C. Dickerson, U.S. Soil Conservation Service, 
oral commun., 1990).

Much of the water lost from irrigation operations eventually is returned 
to the stream by ground-water discharge or bank-storage release, but some of 
the water is irrecoverably lost from the river system and is referred to as 
non-beneficial consumptive use. Non-beneficial consumptive use for irriga 
tion operations in the Nebraska part of the White River basin was assumed to 
be 15 percent of the difference between the gross diversion requirement and 
the net irrigation requirement (R. DeVore, U.S. Bureau of Reclamation, oral 
commun., 1990).

Calculation of Irrigation Depletions

The total irrigation depletion for the White River basin upstream from 
the State line was calculated for each month of the base period 1943-89 using 
the formulas that follow. Estimated monthly irrigation depletions are 
presented in table 5 and characteristics of monthly irrigation depletions in 
the White River basin upstream from the State line are presented in table 6.

DC - IRN * « (AMG + NlS* * °M > + ((ATG + ATS> * °T»

DNB - < IRN * «< (AMG * C«> + <*W * V I V - ((AMG * °M> + 

(A,,, * CT») * 0.15) + («  * «((AMS * CM) + (A^ * CT» / Eg) -

«AMS * V + (ATS * CT»> * °- 15) 

DTOT DC * DNB

12



where D = streamflow depletion from crop consumptive use, in acre-feet;
IRN = mean monthly net irrigation requirement, in feet;

= area irrigated from main-stem diversions using gravity-flow
systems, in acres;

= area irrigated from main-stem diversion using sprinkler systems, 
in acres;

C = an adjustment factor to account for the partial-supply character 
of main-stem irrigation operations; in years of below-normal 
moisture (annual streamflow less than or equal to the 33.3 
percentile), C equals 1.0 through May 31, 0.5 from June 1 
through August Ji, and 0.2 for the remainder of the irrigation 
season; in years of near-normal moisture (annual streamflow 
greater than the 33.3 percentile but less than the 66.7 
percentile), C equals 1.0 through June 30 and 0.5 for the 
remainder of the irrigation season; in years of above-normal 
moisture (annual streamflow greater than the 66.7 percentile), 
C equals 1.0 through August 15, and 0.75 for the remainder of 
the irrigation season;

= area irrigated from tributary diversions using gravity-flow 
systems, in acres;

A_,g = area irrigated from tributary diversions using sprinkler 
systems, in acres;

C = an adjustment factor to account for the ephemeral character of 
tributary irrigation operations; in years of below-normal 
moisture (annual streamflow less than or equal to the 33.3 
percentile), C equals 1.0 through May 31 and 0 for the 
remainder of the irrigation season; in years of near-normal 
moisture (annual streamflow greater than the 33.3 percentile but 
less than the 66.7 percentile), C equals 1.0 through June 30 
and 0 for the remainder of the irrigation season; in years of 
above-normal moisture (annual streamflow greater than the 66.7 
percentile), C equals 1.0 through July 31 and 0 for the 
remainder of the irrigation season;

D = streamflow depletion due to non-beneficial consumptive use 
associated with irrigation operations;

E = irrigation efficiency for gravity-flow irrigation operations;
E = irrigation efficiency for sprinkler-irrigation operations; and
D = total streamflow depletion due to irrigation.

Results

The irrigation depletions were added to the gaged or extended historical 
streamflow records to obtain an estimated record of monthly natural stream- 
flow. The estimated monthly natural streamflow for the White River near 
Nebraska-South Dakota State line is presented in table 7 and statistical 
characteristics of the natural streamflow at this site are presented in 
table 8.

Errors associated with using long-term mean values to estimate some of 
the variables in this study may result in substantial errors in estimates of 
individual monthly values. Therefore, greater confidence should be placed in 
the statistical characteristics of the estimated values than in individual 
monthly values. Comparison of tables 2 and 8 indicate that the median annual 
natural streamflow of the White River at the State line is about 9,000 acre- 
ft greater than the median annual historical streamflow determined from 
extended and gaged records at this location.

13
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